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tumefaciens transfers DNA into
plant cells to cause crown gall
tumors (Cell 11, 263-271). I was in
the latter stages of my doctoral
research and was thinking about
switching to plants. Upon reading
the paper, I immediately
understood that it was going to
be possible to use
Agrobacterium to make
transgenic plants and that would,
in turn, create many new
opportunities. I concluded that
plant molecular genetics was
poised to take off and that
insight, plus some nudging from
Shauna, tipped me over the edge.
What is your greatest
frustration? I am frustrated by
the influence of political
organizations such as
Greenpeace on public perception
and acceptance of agricultural
biotechnology. Although I think
political confrontation as
practiced by Greenpeace and
others can be a useful activity in
general, I think that they made a
costly mistake in deciding to
oppose biotechnology. I think
agricultural biotechnology offers
the best hope for addressing
many of the most pressing
environmental problems. It is
challenging to carry out food
policy debates in the media,
when half of the consumers in the
developed world are not sure
whether a tomato normally has
DNA. It is also unfortunate that
the technology was developed by
large chemical companies who
had a poor record of
environmental stewardship. This
prevented a public debate in
which biotechnology could be
weighed against current
practices, such as the use of
chemicals, and also inevitably
pitted environmental
organizations against the
technology for historical reasons.
Unfortunately, the people who
are paying the price for the
political antics of organizations
such as Greenpeace are the
subsistence farmers of the
developing world. 
What do you think is
scientifically exciting? I am
excited about finally being able to
see all the genes required to make
my favorite organism. I am also
excited by the power of the tools
we have — the genome sequence,
indexed insertions, whole genome
chips, tiling chips, chemical
libraries, robust mass
spectrometers and so forth. I want
to know what all the genes do and
how they work together to make
and operate the organism. We
have about 12,000 people working
on Arabidopsis now, and if we
could somehow distribute the
work in an efficient way, we could
discover the function of the
roughly 26,000 genes in one or
two grant cycles. There is not a
shortage of people or tools — the
problem is cultural. We need to
use new ways of thinking about
scientific goals to get the
community to work on the genes
of unknown function rather than
on incremental studies of known
processes.
What is your main technical
problem right now? Most of the
processes I am interested in vary
from one cell type to another. We
need better methods for assaying
only a specific cell type. I would
like to be able to force cultured
cells to differentiate to a given
cell type. At present we are not
exploiting the totipotency of plant
cells; the conditions for forced
differentiation to a specific cell
type are only possible with one
cell type in one plant species.
However, I think that as our
knowledge of developmental
processes improves, it should be
possible to figure this out.
Learning how to do this should
also be an interesting test of
whether we really know anything
about the control of plant growth
and development. I hope some
young biologists will take on the
challenge. Perhaps
understanding this and related
problems will help us understand
why some plants are small and
slow-growing while others are big
and rapidly growing. Knowing
that might provide new
approaches to improving plant
productivity.
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What is the notochord? The
notochord is the defining structure
of the phylum Chordata, which
includes all vertebrates. In its
‘mature’ state the notochord is a
rod of large cells constrained by a
thick extracellular sheath and
positioned between the
developing spinal cord and gut.
Turgor pressure generated by
notochord cells exerted against
the sheath gives the notochord
stiffness, imparting the
mechanical properties required for
one of its main functions as the
central axial skeletal element of
the developing embryo.
What does it do? The notochord
exists transiently during the life of
most vertebrates. During its short
life, however, the notochord plays
another critical role for developing
embryos. It produces a variety of
secreted growth factors, such as
Sonic hedgehog, which instruct
surrounding tissues to acquire
particular differentiated fates. A
number of embryological
experiments, for example, tell us
that, without notochord-derived
signals, motorneurons in the
spinal cord would not form, the
pancreas insulin-producing cell
would not differentiate and the
body muscles would not be
produced properly. Without the
axial skeletal support of the
notochord, many lower vertebrate
larvae, such as fish fry and
tadpoles, become severely
shortened and cannot swim or
feed properly. Thus many of the
mutations affecting zebrafish
notochord development are
named after the seven dwarves.
Where does it come from? One
of the truly classic experiments of
embryology is the ‘organiser’
experiment of Spemann and
Mangold. In the original
experiment, a piece of the dorsal
side of a newt embryo was
transferred from one species (with
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dark pigment) to the ventral side
of an equivalently staged embryo
of another, lightly pigmented newt
species. Amazingly, the resulting
embryos were conjoined twins,
with one original body axis and a
second body axis induced by the
transplanted dorsal tissue. For the
notochord enthusiast, the most
astounding thing about this is that
the majority of tissue derived from
the graft is notochord, while the
induced second axis is derived
mostly from the host. The same
activity has been identified for
other vertebrate phyla, with an
equivalent piece of dorsal
notochord progenitor tissue able
to induce the formation of a
second axis. Figure 1 shows an
example of such an experiment
with zebrafish. Thus, well before
acquiring the morphological
characteristics of a notochord the
progenitor tissue possesses the
remarkable ability to organise
embryogenesis.
From an evolutionary point of
view recent studies of a group of
lower chordates, called ascidians,
are beginning to give us insight
into some of the genes important
for notochord formation.
Ascidians, also known as
tunicates or sea-squirts, are most
familiar in their sessile adult
stages, but as free-swimming
larvae ascidians possess a
notochord that serves as the main
skeletal element. In one study a
gene called Manx, which is
important for notochord formation,
was identified by comparing gene
expression in two related species
of ascidian, one possessing a
normally differentiated notochord
with another tail-less species.
Where does it go? By the time
the notochord is mature it
expresses a constellation of genes
that is essentially identical to that
of developing cartilage. This is
consistent with the mechanical
role of the notochord. Indeed, in
birds, most fish and mammals the
notochord becomes segmented
and in regions of vertebrae
expresses type X collagen and is
replaced by bone while in the
intervertebral regions notochord
cells contribute to the centre of
the discs.
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Figure 1. The notochord and the organiser.
(A) Lateral view of the tail of an approximately 30 hour old zebrafish embryo. The neural
tube (NT) and notochord (NO) are indicated with brackets. After grafting a fluorescently
labelled zebrafish dorsal organiser (red), mature notochords (between white arrow-
heads) develop in primary (B) and secondary (C) axes of a twinned embryo. (D) From
Spemann and Mangold’s original report a cross-section of a twinned embryo shows the
primary (1º) and secondary (2º) neural tubes (NT), notochords (NO) and somites (SOM).
Donor tissue is indicated in pink.
